The placement of fixed orthodontic appliances may lead to increased plaque accumulation and changes in subgingival microflora. Objective The aim of this study was to examine the changes in frequency of subgingival microflora that occur after placement and removal of fixed orthodontic appliance using polymerase chain reaction (PCR). Methods This study included 33 orthodontic patients, who were divided into two groups. Subgingival plaque samples were collected from the right upper incisor (U1) and right upper first molar (U6). In group A, the samples were taken three times: before placement appliance (T1), after one month (T2), and after 3 months (T3). In group B the samples were also taken three times: before appliance removal (T1), after one month (T2), and after three months (T3). PCR method was used to determine the presence of P. gingivalis, A. actinomycetemcomitans, T. forsythia, and P. intermedia. Results In group A the frequency of P. gingivalis showed statistically significant decrease at U1 (p=0.049) and U6 (p=0.008), from T1 to T2, and at U1 (p=0.048) from T1 to T3. In group B only the frequency of T. for sythia showed a statistically significant decrease, at U6 (T1 vs. T2, p=0.004; T1 vs. T3, p=0.0003). Regarding other analyzed bacteria, changes in the presence were noticed but no statistical significance was found. Conclusion Placement of fixed appliances may have an impact on subgingival microflora, but in the first months after the placement and removal of the appliance changes were not significant, probably due to good oral hygiene.
INTRODUCTION
Fixed orthodontic appliance is the most common method for treating malocclusions in contemporary orthodontics. However, the placement of orthodontic brackets and bands may compromise oral hygiene, because new retentive places are formed resulting in increased accumulation of dental plaque leading to gingival inflammation [1, 2] . As known, bacterial plaque is the main etiological factor for the development of gingival inflammation and periodontitis [3, 4] .
Numerous studies have registered changes of microbiologic status during orthodontic therapy and after the removal of orthodontic fixed appliance [2, [5] [6] [7] [8] . However, some studies have reported that the placement of fixed orthodontic appliances affects subgingival microflora by increasing the prevalence of periodontopathogens [5, 6] . Also, some other studies have reported that anaerobic bacteria are significantly reduced after appliance removal [9, 10] . Contrary to those data, the results of ten-year retrospective studies have shown that orthodontic treatment during adolescence has no significant effect on later periodontal health [7] .
Moreover, one recent prospective study found that placement of fixed appliances has an impact on periodontal parameters, but these changes are partially reversible two years after the end of treatment [11] .
OBJECTIVE
The aim of this study was to examine the changes that occur in the subgingival microflora after placement and removal of fixed orthodontic appliance using PCR.
METHODS

Subjects and clinical procedures
This study was carried out on 33 patients (14 males and 19 females), aged between 12 and 36 years. The mean age of all patients was 19.7 years (females 19.2 and males 20.5). They were enrolled according to the following criteria: fixed orthodontic appliance in the upper tooth arch and healthy systemic condition. The subjects were divided into 2 groups. Group A consisted of patients at the beginning and group B of the patients at the end of orthodontic therapy.
In group A the samples were taken at three different times: before placement of fixed appliance (T1), one month after the placement (T2), and three months after the placement (T3). In group B the samples were also taken at three times: before appliance removal (T1), one month after appliance removal (T2), and three months after appliance removal (T3). After the placement of appliance, the patients from group A were instructed to take care of oral hygiene by brushing their teeth more often and longer, but without additional use of antibacterial mouthwashes. Also, patients from group B, after removal of appliance were advised to visit their dentist to have plaque and calculus removed and their teeth polished.
Subgingival plaque samples were collected from subgingival space at the buccal, mesial and distal side of the right upper incisor (U1) and the right upper first molar (U6). The sampling sites were fixed with cotton rolls and dried by gentle air stream. Sterile paper points were placed into the subgingival space depth of about 1mm and left in situ for 15 seconds. Paper points were transferred into a sterile tube and then kept in freezer at -20°C.
Bacteriological methods
The extraction of potentially present bacterial DNA was performed by the boiling method of Gebara et al. [12] . The presence of the most important periodontopathogens: Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia and Prevotella intermedia, was determined using the PCR method. The sequence of primers for 16S rRNA gene of analyzed bacteria is shown in Table 1 . PCR products were run on an 8% polyacrylamide gel, and after electrophoresis, the gel was stained with ethidium bromide solution. Bacterial DNA was observed after staining under transilluminator UV light (Power Station 300 plus, Labnet International, Inc.).
Statistical analysis
Comparison between the groups was performed using a two-tails Chi-square (χ 2 ) test with Yates' correction and Student's t-test. The significance was set at p value of <0.05. 
RESULTS
The frequencies of 4 analyzed bacteria at U1 and U6 sample sites in T1, T2 and T3 times of groups A and B are shown in Tables 2 and 3 .
In patients with the placement of fixed appliance (group A), the frequency of P. gingivalis was decreased significantly, from T1 to T2 time, on both sample sites, the upper incisor (p=0.049) and the upper first molar (p=0.008), and for U1 from T1 to T3 time (p=0.048). Contrarily, in the same group significant changes in frequency of A. actinomycetemcomitans, P. intermedia, and T. forsythia were not noticed at U1 and U6 sites, from T1 to T3 time.
In patients with appliance removal (group B), only the frequency of T. forsythia was significantly reduced with time at U6 site (T1 vs. T2, p=0.004; T1 vs. T3, p=0.0003). No significant difference in frequency was registered for all other analyzed bacteria, from T1 to T3.
In the group A the following presence of all analyzed bacteria, comparing T1 and T3 recording time, the frequency of unchanged pattern (--) for U1 and U6 was 46% and 29%, respectively; the frequency of unchanged pattern (++) for U1 and U6 was 14% and 32%, respectively. A changed pattern (-+) was observed in 18% for U1 and 16% for U6 sites. A changed pattern (+-) was noticed in 21% for U1 and 23% for U6 (Graph 1).
In the group B the frequency of all analyzed bacteria, comparing T1 and T3 at unchanged pattern (--), for U1 and U6, was 67% and 60%, respectively; the frequency of unchanged pattern (++), for U1 and U6 was 8% and 13%, respectively. A changed pattern (-+) was seen in 13% for U1 and 5% for U6. A changed pattern (+-) was found in 12% for U1 and 21% for U6 (Graph 2).
DISCUSSION
The inflammatory reaction of gingival tissues can be often detected among patients with fixed orthodontic appliances as a result of inadequate oral hygiene. The results of many studies about the effects of orthodontic therapy on gingival and periodontal health are rather inconsistent. Some of them showed that subgingival microflora was changed in patients with an orthodontic appliance [5, 6] , while others showed that those changes were reversible and had no significant effect on later periodontal health [7] .
For periodontal microbial identification the most commonly used methods are cell culturing, PCR, and immunologically analysis. The cell culturing method is time consuming, expensive and may fail to grow some important organisms, while the PCR method shows greater sensitivity and specificity compared with other techniques [13] . Over the recent years, by using the PCR method most investigations have been directed to estimation of periodontopathogens during orthodontic therapy; however, there is still a lack of literature data about alterations of bacterial status after therapy [14, 15] . In our study PCRs were used to detect 4 anaerobes: T. forsythia, A. actinomycetemcomitans, P. gingivalis, and P. intermedia that are assumed as the main etiological factor for the development of periodontal disease [16] .
In the reports of Socransky et al. [16] two anaerobes, T. forsythia and P. gingivalis, have been categorized as the "red complex" species, which is related to the severity of periodontitis, while A. actinomycetemcomitans and P. intermedia are categorized as secondary risk factors involved in periodontal tissue destruction. According to data, A. actinomycetemcomitans is anaerobe linked with juvenile periodontitis, while P. gingivalis is found in normal microflora of the oral cavity, and has an important role in the etiology of adult periodontitis [17, 18] . In the study of Griffen et al. [19] applying a specific PCR assay, P. gingivalis was detected in only 25% of healthy subjects, and in higher rate (79%) of patients with periodontitis. Anyway, as known all four bacteria analyzed in our study may have synergistic effect in destroying periodontal tissues, as reported in investigation by Ashimoto et al. [13] .
In the first of tested group (A) with patients at the beginning of orthodontic therapy; where we compared the frequency of sites positive for each bacteria in times, T1 (before placement), T2 (one month after), and T3 (three months after), no statistically significant difference was registered between recorded times for A. actinomycetemcomitans, P. intermedia, and T. forsythia (Table 2 ). Only the frequency of P. gingivalis on U1 was significantly decreased in T2 and T3 compared to T1 time, and on U6 between T1 and T2, although we expected that it would be increased. As in our study, Liu et al. [10] showed the decrease of P. gingivalis during the first 3 months after the placement of the appliance, although the sampling sites were different. Similar to our data, in one of the first investigation of gingival changes of oral bacteria in patients during orthodontic treatment, Diamanti-Kipioti et al. [20] registered a decreasing rate of bacteria (B. intermedius and A. odontolyticus) 4 months after the placement of brackets. Opposite results were obtained by Ristic et al. [8] reports involving clinical investigation which showed increased values of P. gingivalis and F. nucleatum, 3 months after placement applicants, but also their decrease 6 months after the beginning of orthodontic therapy.
As noted in our study, the absence of variation in frequencies for three anaerobes and the decreasing rate of P. gingivalis during 3 months from the beginning of orthodontics treatment might be explained in two ways. Namely, after the placement of appliances, new retentive places around the brackets could be formed, where the amount of supragingival plaque and aerobic bacteria might be increased, while anaerobes could be reduced and plaque composition modified. Also, one of the reasons for this microbiological status regarding anaerobes might be that the patients followed our instructions about oral hygiene in the first months of the orthodontic therapy. First 3 months of our treatment was the period when patients were highly motivated to take more care about dental hygiene, and as the consequence the presence of analyzed bacteria did not change significantly during this time. Interestingly, the study of Van Gastel et al. [4] showed a decrease of bacteria after bonding in the recording time (from week 18 to week 36).
As well known, the presence of some oral anaerobes might be associated with the hormonal level, especially during pregnancy and puberty [21] . Since the average age of our female patients was 19.2 years, microbiological changes can be probably related to individual dental hygiene habits. However, as shown in study by Shourie et al. [22] , hormones may have a negligible effect on clinically healthy periodontium.
Additional data analyses confirmed our results of no significant changes of bacterial value during the period of therapy. Moreover, in the group A, summarizing the presence of all bacteria, either on U1 or U6 site, the patients with unchanged (--)/(++) patterns had higher values and also a changed pattern (+-) was noticed in higher percentage than in those with (-+) (Graph 1).
Also, in the second tested group (B), after the removal of the orthodontic appliance microbiological changes were followed at three different times: the time of appliance removal (T1), after one month (T2) and after three months (T3). In our study, only a decreasing of frequency for T. forsythia on U6 from T1 to T2, and T1 to T3 was noticed, with statistical significance. The same decreasing trend of T. forsythia on U1 through the time was not observed. Opposite to those results, other analyzed anaerobes showed no significant changes during the three-month period (Table  3) . Similar to our results, in a report of Choi et al. [9] no statistical significant decrease of the same bacterial species was evaluated after the removal of orthodontic appliance. Opposite to our data, Sallum et al. [14] showed a significant reduction of anaerobes after the removal of the orthodontic appliance. Those contradictory results might be explained by different sampling sites, applied techniques, individual oral hygiene habits, and the use of prophylactic measures. Moreover, similar to our obtained data related to T. forsythia, Liu et al. [10] observed a reduced frequency of patients with P. gingivalis after 3 months from the removal of appliances. Anyway, as in our study, the same trend toward the reduction of bacteria was noticed in reports of other authors, especially on U6 after appliances removal [9, 10, 14] .
Also, in the group B U6 showed a higher reduction of all bacteria, from T1 to T3 time than U1, so it might be suggested that U6 could be more relevant for the following microbiological changes. Analyzing the overall frequency in the group B, unchanged pattern (--) had the highest value, but the patients with changed pattern (+-) were present in a greater percentage than those with (-+) and (++) (Graph 2).
CONCLUSION
Placement of fixed appliances may have an impact on subgingival microflora, but in the first months after the placement of the appliance those changes were not significant, probably due to good oral hygiene. After the removal of fixed appliance the trend of decreased anaerobic bacteria was noticed. However, how long it takes to return to the preorthodontic composition of subgingival microflora remains to be seen.
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